













4HE  POSSIBILITIES  TO  MANUFACTURE  GOLDBASED  FOAMS 
ARE  EXPLORED  'OLD  POWDER  AND  VARIOUS  POWDERED 
ALLOYING  ELEMENTS  ARE  MIXED  WITH  A  SMALL  VOLUME 
FRACTION OF A GASRELEASING BLOWING AGENT 4HE BLEND 
IS  COMPACTED  TO  A  DENSE  PRECURSOR  WHICH  IS  THEN 






-ETALS  CAN  BE  FOAMED  APPLYING  A  VARIETY  OF  PROCESSING 
METHODS ³&OAMING´ MEANS DISPERSING GAS BUBBLES IN A MELT 
AND  ALLOWING  THEM  TO  ARRANGE  INTO  A  STATE  OF  TRANSIENT 
EQUILIBRIUM ! SOLID METAL  FOAM  IS OBTAINED BY SOLIDIFYING A 
LIQUID  FOAM  AT  A  GIVEN  INSTANT  USUALLY  NEAR  MAXIMUM 
VOLUME EXPANSION  ;= !S  LIQUID  FOAMS CONTAIN GAS BUBBLES 
COMPLETELY SURROUNDED BY THE LIQUID PHASE SOLID FOAMS ARE 
MATERIALS  WITH  CLOSED  POROSITY  3UCH  MATERIALS  ESPECIALLY 
THOSE  BASED  ON  ALUMINIUM  ALLOYS  HAVE  GOOD MASSSPECI½C 
PROPERTIES SUCH AS A HIGH ELASTIC STIFFNESS AND ARE THEREFORE 








"ESIDES  FOAMING  THERE  ARE  A  NUMBER  OF  OTHER  WAYS  TO 
PROCESS  METALS  INTO  POROUS  SPONGEOUS  OR  OTHER  CELLULAR 
STATES  "Y  APPLYING POWDER METALLURGY  INVESTMENT  CASTING 
ELECTROPLATING  OR  ELECTRODEPOSITION  ;=  JUST  TO  NAME  THE 
MOST COMMON ONES !S AN EXAMPLE MACROPOROUS GOLD HAS 





%VEN  NANOPOROUS  GOLD  CAN  BE  MANUFACTURED  BY  SELECTIVE 
DEALLOYING  OF  !G!U  ALLOYS  ;=  OR  BY  USING  COLLOIDAL  CRYSTAL 
TEMPLATES  FROM  STACKED  LATEX  MICROSPHERES  AND  ½LLING  THE 
INTERSTICES  WITH  COLLOIDAL  GOLD  PARTICLES  ;=  !LTERNATIVELY 
MICROTEMPLATES CAN BE COATED BY ELECTROCHEMICAL PLATING TO 
MANUFACTURE PURE POROUS GOLD WITH UP TO  POROSITY ;= 
)N  THE  FOLLOWING WE WILL DISCUSS  THE POSSIBILITIES  TO  FOAM 
GOLD  ALLOYS  IN  THE  NARROW  SENSE  DESCRIBED  ABOVE  IE  BY 







LEAD  ;=  OR  STEEL  ;=  CAN  BE  FOAMED  FOLLOWING  THE  SAME 
PRINCIPLES  /NE  PARTICULARLY  SUCCESSFUL  METHOD  COMPRISES 
MIXING  ALUMINIUM  OR  ZINC  POWDER  WITH  THE  GASRELEASING 
BLOWING  AGENT  TITANIUM  HYDRIDE  4I(	  COMPACTING  THIS 
MIXTURE AND MELTING IT THEREAFTER $URING MELTING THE BLOWING 
AGENT  RELEASES  GAS  AND  CREATES  BUBBLES  ;=  4HE  OXIDES 
PRESENT IN THE MELT STEM FROM THE OXIDE ½LMS PRESENT ON AND 
INSIDE  THE  FORMER  POWDER  PARTICLES  AND  REMAIN  IN  THE 
COMPACTED POWDER AND IN THE ½NAL FOAM ;= 




SATELLITE  PARTICLES  SEE  &IGURE  B  )N  ADDITION  SOME  VERY 
LARGE  PARTICLES  AND  ¾AKES  WERE  DETECTED  &ROM  THE 











THAT  THE  BLOWING  AGENT  PARTICLES  THEMSELVES  CAN  ACT  AS 




SELECTION  OF  ELEMENTS  IN  ORDER  TO  BOTH  LOWER  THE  MELTING 
POINT  SO MUCH  THAT  4I(  CAN  BE  USED  AS  A  BLOWING  AGENT 
AND  TO  ALLOW  THE  ALLOYING  ELEMENTS  TO  ACT  AS  STABILISERS 





WHO  USED  THE  0LASMA  2OTATING  %LECTRODE  0ROCESS  02%0	  TO 
ATOMISE RODS OF PURE GOLD 4HE POWDERS WERE EXAMINED BY 
SCANNING  ELECTRON MICROSCOPY  AND  CHARACTERISED  IN  A  LASER 
PARTICLE SIZE ANALYSER &IGURE  SHOWS TWO IMAGES AT DIFFERENT 
MAGNI½CATIONS  ILLUSTRATING  THE WIDE  RANGE  OF  PARTICLE  SIZES 
AND  THE  NEARSPHERICAL  SHAPE  OF  MOST  OF  THE  PARTICLES 
4HIS  SHAPE  IS  TYPICAL  FOR  SUCH  02%0  POWDERS  4HE  PARTICLE 
SIZE DISTRIBUTION  IN &IGURE  YIELDS A MEAN VALUE OF ¤ M 
D      M	  AND  SHOWS  THAT  THERE  IS  A  SIGNI½CANT 
FRACTION  OF  SMALLER  PARTICLES  RESIDING  ON  THE  LARGER  ONES  AS 
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FOAMING  4HE  SAMPLE WAS  EXPOSED  TO  AIR  ALL  THE  TIME  4HE 
FOAMING PROCESS WAS FOLLOWED BY VISUAL OBSERVATION )N SOME 
CASES  THE  PRESSED  MATERIAL  STARTED  TO  FOAM  4HE  FOAMING 
PROCESS  APPEARED  SIMILAR  TO  THE  FOAMING  OF  OTHER  METALS 
AFTER  AN  INITIAL  EXPANSION  STAGE  A  MAXIMUM  VOLUME  WAS 
REACHED 4HEN FOAM COLLAPSE WAS OBSERVED WHICH EVENTUALLY 
DESTROYED  THE  FOAM !FTER  A  PICTURE OF  THE OVERALL  FOAMING 
COURSE  HAD  BEEN  OBTAINED  THE  FOAMING  PROCESS  WAS 
INTERRUPTED  IN  FURTHER  EXPERIMENTS  AT  OR  NEAR  MAXIMUM 







IN  MOST  CASES  4HE  PEAK  PRESSURE  NEEDED  TO  INITIATE  ¾OW 
SHOWS CONSIDERABLE SCATTER ,OWER PREHEATING TEMPERATURES 






)N  THE  FOAMING EXPERIMENTS  THE DIFFERENT ALLOYS BEHAVED 
DIFFERENTLY .O NOTABLE OR JUST A SMALL VOLUME EXPANSION WAS 
OBSERVED FOR PURE !U !U!L AND !U3N ALLOYS !FTER CUTTING 
THESE  SPECIMENS  SHOWED  SOME  PORES  OF  DIFFERENT  SIZES 
DISTRIBUTED  ALL  OVER  THE  SAMPLE  BUT  THE  TOTAL  PORE  VOLUME 
WAS  SMALL  AND  PORE  DISTRIBUTION  WAS  IRREGULAR  )T  WAS 
OBVIOUS  THAT  THESE  ALLOYS  IN  THE  CURRENT  COMPOSITION  ARE 
UNSUITABLE FOR FOAMING
)N CONTRAST !L3I AND !L'E YIELDED MUCH BETTER RESULTS )N 
ALL  CASES  THE  EXTRUDED POWDER MIXTURES  STARTED  TO  EXPAND 






IN  THE  SAMPLE  SEE  &IGURE   "ELOW A  SILICON CONTENT OF  
EXPANSION FACTORS UP TO  ARE REACHED WHEREAS FOR  3I AN 
EXPANSION FACTOR OF MORE THAN  WAS FOUND &OR MORE THAN 





PHASE DIAGRAM OF  THE  SYSTEM !U3I WHICH EVENTUALLY  LED  TO 
THE BEST RESULTS 3MALL ADDITIONS IN TERMS OF MASS LEAD TO THE 
FORMATION OF A VERY DEEP EUTECTIC THAT SOLIDI½ES AT # !T 
SUCH  TEMPERATURES  AND  ABOVE  THE  HYDRIDES  THAT  ARE 
COMMONLY USED AS BLOWING AGENT FOR ALUMINIUM ALLOYS RELEASE 
SUF½CIENT AMOUNTS OF HYDROGEN 3I  IS PRACTICALLY  INSOLUBLE  IN 










4HE  BLOWING  AGENT  4I(  WAS  PURCHASED  FROM  #HEMETALL 
&RANKFURT  'ERMANY	  :R(  FROM  #HEMPUR  +ARLSRUHE 









OF  POWDER  MIXTURE  WERE  ½RST  PRECOMPACTED  AT  ROOM 





































PRONOUNCED  EFFECT  ON  FOAMING  4HE  SAMPLE  CONTAINING   
WT 'E EXPANDED TO  TIMES THE ORIGINAL VOLUME
4HE  BEST  FOAM  OBTAINED  IS  SHOWN  IN  &IGURE  A  4HIS 
STRUCTURE WHICH HAS EXPANDED TO ABOUT  TIMES THE ORIGINAL 





AND  THE  INTERIOR  CELL  WALLS  WERE  ROUGH  )MMEDIATELY  AFTER 
FOAMING AND COOLING THE FOAMS HAD A SILVERY COLOUR !FTER A 
FEW HOURS AT ROOM TEMPERATURE THE COLOUR CHANGED TO WHAT 
CAN  BE  DESCRIBED  BEST  AS  LIGHT  OCHRE  4HE  MICROGRAPH  IN 
&IGURE    REVEALS  THAT  THE  CELL  WALLS  ARE  RATHER  JAGGED  4HE 
HIGH  VOLUME  FRACTION  OF  SILICON    WT  CORRESPONDING  TO 
ABOUT  VOL	 IS RE¾ECTED BY THE DARK SILICON PHASE IN THE 
LIGHT GOLD MATRIX
!U'E  FOAMS  ASSUMED  A  CLEAR  BLUISH  HUE  AFTER  FOAMING 








NOT BE  CLARI½ED HOW  SILICON  ACTS  AS  STABILISER  !S  THE  SILICON 
POWDER CONTAINS  WT OF OXYGEN ¯ AS MEASURED BY HOT 
GAS EXTRACTION ¯ ONE COULD ASSUME THAT SILICON OXIDE ACTS IN A 
WAY  SIMILAR  AS  ALUMINIUM  OXIDE  IN  ALUMINIUM  FOAMS  4HE 
SAME APPLIES TO THE !U'E ALLOY SINCE !U3I AND !U'E HAVE 
VERY  SIMILAR  PHASE  DIAGRAMS  AND  THE  GERMANIUM  POWDER 
MOST LIKELY ALSO CONTAINED OXYGEN PICKED UP DURING POWDER 
MANUFACTURE
!PPLYING  STANDARDS OF  STATEOFTHEART  ALUMINIUM  FOAMS 
THE PORE STRUCTURE IS INHOMOGENEOUS AND THE QUALITY OF THE 
FOAM IS NOT OPTIMAL AS ONE SEES WHEN ONE COMPARES &IGURE 
A  WITH  &IGURE  B  THAT  SHOWS  AN  ALUMINIUMBASED  FOAM 
(OWEVER IT IS AN INDICATION OF GOOD FOAMING BEHAVIOUR THAT 
THE ENTIRE CROSS SECTION OF THE FOAM APPEARS TO HAVE FOAMED 
IN  THE SAME WAY AND  THAT  THERE  IS NO PRONOUNCED ZONE OF 
DRAINAGE AT THE BOTTOM OF THE FOAM ALTHOUGH THE DENSITY OF 
THE METAL  IS  SO HIGH &ROM THE  FOAMING BEHAVIOUR OF OTHER 
METALS IT IS KNOWN THAT INFERIOR FOAMING CAUSED BY INSUF½CIENT 




SURFACE CAN BE HELD  RESPONSIBLE  FOR  THE COLOUR OF  THE !U3I 
FOAM 4HE COLOUR CHANGE OF !U3I DURING ROOM TEMPERATURE 
STORAGE  HAS  ALSO  BEEN  CON½RMED  FOR  NONPOROUS  INGOTS 
PREPARED UNDER ARGON ;= )T WAS FOUND THAT ONLY THE SURFACE 
CHANGES ITS COLOUR WHEREAS DEEPER LYING LAYERS REMAIN SILVERY 















































CONTROLLED  PROCESSES  CAUSE  THE  DECOMPOSITION  OF  THESE 




4HE  COLOURS  OF  ALL  THE  ALLOYS  INVESTIGATED  IN  THE  CURRENT 
STUDY DEVIATED FROM THOSE OF THE USUAL COMMERCIAL ALLOYS SEE 
2EF    SINCE  OUR  ALLOYS  HAVE  BEEN  SELECTED  TO  OPTIMISE 










PROCESS  PARAMETERS  &IRST  THE  PARAMETERS  APPLIED  IN  THIS 
STUDY MERELY REPRESENT A ½RST GUESS BASED ON SOME THEORETICAL 
CONSIDERATIONS AND THE EXPERIENCE WITH OTHER METALS 3ECOND 
EXPERIENCE  ALSO  SHOWS  THAT  THE  POWDER  SELECTION  AND 
COMPACTION  PROCESS  CONTAINS  MANY  HIDDEN  PARAMETERS 
WHICH  HAVE  TO  ½NETUNED  4HE  BLOWING  AGENT  USED  IN  THIS 
STUDY WAS UNTREATED HYDRIDE POWDER 0RETREATMENT OF THESE 
POWDERS COULD  LEAD TO A BETTER COORDINATION OF GAS RELEASE 
AND ALLOY MELTING WHICH  IN  TURN COULD  FURTHER  IMPROVE  THE 





AS A BLOWING AGENT 0ORE  SIZES ARE COMPARABLE  TO  THOSE OF 
ALUMINIUM  FOAMS  WHILE  THE  LESS  UNIFORM  PORE  STRUCTURE 
RE¾ECTS  A  MORE  PROVISIONAL  STATUS  OF  DEVELOPMENT  )T  WAS 
SHOWN  THAT  FOAMING  A  PURE  METAL  SUCH  AS  GOLD  WITHOUT 
STABILISING PARTICLES IS NOT POSSIBLE AND THEREFORE ALLOYING OTHER 
METALS TO GOLD IS A NECESSARY PRECONDITION
)T  CAME AS A DISAPPOINTMENT  THAT  IT WAS NOT POSSIBLE  TO 
FOAM  GOLD  WITHOUT  STRONGLY  INTERFERING  WITH  ITS  VISUAL 
APPEARANCE !LL ADDITIVES CHANGED THE COLOUR OF GOLD MORE 
THAN WAS  HOPED  INITIALLY  )T  WAS  NOT  POSSIBLE  TO  REDUCE  THE 
AMOUNT OF ADDITIVES  TO BELOW A  LEVEL  THAT WOULD AFFECT  THE 
APPEARANCE OF THE METAL IN SUCH A MARGINAL WAY THAT IT COULD 
BE USED FOR JEWELLERY OR DESIGN OBJECTS AS ORIGINALLY PLANNED 
(OWEVER  THERE  MIGHT  BE  SOME  USE  FOR  SUCH  FOAMS  FOR 
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